The ability ofMycoplasma pneumoniae cells and membranes to affect tetrazolium reduction by hamster trachea organ cultures was evaluated. Uninfected trachea explants reduced 2,3,5-triphenyl tetrazolium chloride (TTC) and nitroblue tetrazolium when incubated at 37 C in the absence of air. Reduced tetrazolium salts (formazans) were extractable with acetone or ethylene glycol and could be quantitated spectrophotometrically. The optimal assay system involved the use of three or more tracheal rings incubated for 2 h in 0.12% TTC in Tyrode balanced salts supplemented with 1.2% sodium succinate. Formazan was extracted for 5 min with acetone, and the optical density (490 nm) was determined. Trachea explants with metabolic activity reduced or obliterated by freeze-thaw lysis, heat (56 C x 30 min), or cyanide (0.1 M NaCN x 30 min) had negligible ciliary activity and tetrazolium reduction activity (optical density at 490 nm [dry weight]). Tracheas exposed to mycoplasma cells or membranes also showed significantly decreased ciliary activity and tetrazolium reduction; e.g., only 5pc of the ciliary activity and reduction capacity remained after 5 days in culture when infected with M. pneumonia PI 1428 cells. The data indicate that the exposure of ciliated respiratory epithelium to mycoplasma cells or membranes results in diminished oxidative metabolism, and that the ability to reduce TTC to its formazan is correlated with relative ciliary activity.
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Mycoplasma pneumoniae, currently the only proven mycoplasma pathogen for humans, has a predilection for attachment to ciliated respiratory epithelium (17, 22) . This, plus the fact that M. pneumoniae causes pneumonia in hamsters (4) , permitted the development of the hamster trachea organ culture as a model system for the study of the infective process in primary atypical pneumonia (5, 7) . As with most organ cultures, the explants can be maintained in vitro while isolated from the immunological and hormonal influences of the host. In addition, trachea organ cultures allow one to gauge cellular activity and intactness in a nondestructive fashion by microscopic observations of the ciliated epithelium.
The assessment of activity after exposure to mycoplasma cells or membranes (14) can be based on the presence or absence of ciliary motion (7), the relative vigor and intactness of the epithelium (14) , or the frequency of beating (5) . Though these measurements are convenient and reliable, they are all based on visual observation and hence are somewhat subjective. An assay based on objective, biochemical differences would be of obvious value for pathogen-84 esis studies. A tetrazolium chloride reduction test to detect dehydrogenase activity has been developed for skin grafts (19) , and there is a report on the application of tetrazolium to check viability of ferret trachea explants (28) . Tetrazolium salts, normally colorless, are reduced to colored formazans (23) three rings appeared to be the most reliable parameter and was used throughout the remainder of the study.
It was noted that color development occurred very rapidly under normal conditions, so the precise influence of incubation time was evaluated. Mean data from four replicate trials with three rings per each determination (Fig. 3) indicated that most of the tetrazolium was reduced withint 2 h, after which time reduction activity appears to diminish. The acetone extraction process occurred even more rapidly (Fig. 4) . More than 95% of the extractable color was 13, 1976 mean data (Fig. 5) show that relative activity dropped slightly during the 5-day observation period. Formzan production, as reflected in the OD4,0 per milligram (dry weight) values, remained nearly constant, indicating that maintenance in nutrient media allowed near-normal metabolic activity.
Role of cell viability. To determine the influence of cell viability on tetrazolium reduction, series of rings were subjected to various forms of inactivation before having formazan production measured. Freshly prepared trachea rings, in dishes of three rings each, with four replicate experiments, were examined for ciliary activity and epithelial intactness, i.e., relative activity ( Table 2) . One-fourth of the rings were then frozen and thawed (-20 to 37 C) for two cycles, while equal numbers of rings were heated to 56 C in Tyrode solution for 30 min or were placed in 0.1 M NaCN in Tyrode solution for 30 min. One-fourth of the rings served as untreated controls. All trachea explants were then placed in organ culture medium (minimal essential medium) and were incubated for 24 h at 37 C. The final relative activity reading was then taken, and the tetrazolium reduction assay was conducted. The data ( (Fig. 6) show a rapid drop in relative activity for the infected rings. By day 5, activity had dropped to approximately 5% of the control level (relative activity = 254). On day 5, tetrazolium reduction was also measured, and significant differences were found between control and infected rings. The OD4.
per milligram (dry weight) readings for controls were 1.215, compared with a value of 0.272 for the mycoplasma-infected explants (78% decrease).
Mycoplasma cells, known to reduce tetrazolium anaerobically, probably contributed little to the TTC reduction noted with infected rings because of their low numbers. Separate experiments indicated that it required 2 to 10x concentrates of turbid, log-phase cultures (i.e., >106 to 107 colony-forming units/ml) to obtain significant OD490 readings in the standard tetrazolium assay.
To determine whether other strains of M. pneumoniae, or even other Mycoplasma species, would affect ciliostasis and TTC reduction by trachea rings, another series of experiments included M. pneumoniae, PI 1428, and M. hominis. After 5 days in culture, the rings infected with M. pneumoniae showed marked reductions in ciliary activity and in the ability to produce formazans (Table 3) value equal to 50% of the control). These effects were not nearly as significant as those seen with viable M. pneumoniae, where the relative ciliary activity and tetrazolium reduction capacity were both at approximately 5% of the control level. This may be related to differences in inoculum titers, but is more likely due to the low pathogenicity of M. hominis. Effect of mycoplasma membranes. Mycoplasma membranes, previously shown to possess cytopathic activity for trachea organ cultures, were examined for their effects on ciliostasis. Membranes were prepared from cells lysed by sonication and were evaluated at a level of 80 pg of membrane protein per ml of organ culture medium. This level of membranes resulted in a 53% drop in relative ciliary activity over a 5-day period (Table 4) . This b MB, Membranes (80 pg/ml).
change was accompanied by a smaller but statistically significant drop of 26% in formazanproducing ability. Correlation of ciliary activity and tetrazolium reduction. The correlation ofrelative (ciliary) activity and the ability to reduce tetrazolium is well illustrated by the plot of these two parameters in Fig. 7 if an arbitrary cut-off of 0.5 is chosen, 18 out of the 20 (90%) rings had a relative activity of less than 50, i.e., marked reduction in ciliary beating and intactness of the epithelium. Similarly, with an arbitrary cut-off of 50 in the relative activity values, rings with an activity of .50 show a 90% chance of also having an OD greater than 0.5, whereas rings with an activity of <50 show a 100% chance of having an OD less than 0. (15, 26) , neurons, and Ehrlich ascites tumor cells (23) , can carry out the reduction, but the most significant application appears to be with leukocytes. The NBT reduction test has been the subject of heightened interest since the demonstration that neutrophils from persons with certain diseases will show an altered efficiency of tetrazolium reduction (16, 21) .
The enzymes responsible for the reduction appear to be a variety of dehydrogenases (21, 23) , and thus activity is associated primarily with viable cells. This assumption was clearly validated by Hershey et al. (19) , who demonstrated a quantitative reduction of TITC by skin grafts. The lack of such a quantitative, objective assay for trachea organ cultures prompted our evaluation of the tetrazolium assay, with the primary application of mycoplasma-infected organ cultures. The data presented here indicate that such a technique is reliable, reproducible, and sensitive.
In the assay system proposed, the greatest source of error appears to be the weight variance. With such small dry weights (1 to 2 mg), the instrument error in an analytical balance can influence the specific activity calculations. This error could be reduced, in a relative sense, with the use of a larger number of rings. Though actual TTC reduction would be most accurately standardized on the basis of epithelial surface area, weight serves as a much more convenient measurement, and if there is no great disparity in the age ofhamsters used (i.e., in the diameter of the trachea), dry weights should serve quite adequately as the reference point.
As expected, the correlation of relative ciliary activity and tetrazolium reduction was not direct, though the two parameters were obviously correlated (Fig. 7) . This apparently is due to the fact that ciliary motion is more indicative of adenosine triphosphate content, whereas the TTC reduction is due to dehydrogenases and reflect general metabolic activity. 
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The precise nature of the enzymatic activity which accounts for tetrazolium reduction is unclear and is probably complex, since data have implicated reduced nicotinamide adenine dinucleotide phosphate oxidase (16) , reduced nicotinamide adenine dinucleotide oxidase (9) , and succinic dehydrogenase (19) . The enzymes(s) involved is related to oxidative metabolism, since it is known that decreased oxygen consumption and decreased tetrazolium reduction are directl.y correlated (1, 21) . The data in this report on decreased TTC reduction by mycoplasmainfected trachea organ cultures are therefore consistent with the recent observation (13) that oxygen consumption is significantly reduced in trachea explants infected with virulent mycoplasmas. These data on oxidative metabolism corroborate the observation of Hu et al. (20) that macromolecular biosynthesis and metabolic activity decrease when ciliated epithelium is exposed to M. pneumoniae. The precise definition of which events from the collection of biochemical alterations in the mycoplasma-infected cell are primary and which are secondary remains to be established. The data on mycoplasma membranes and the associated drop in tetrazolium activity in exposed trachea rings verify the earlier observation (14) that membranes of M. pneumoniae have some cytotoxic potential. The current experiments, which used another strain of M. pneumoniae (PI 1428) and another lysis procedure (sonication), indicate that the initial observation was not strain or technique specific. Because both ciliostasis and a significant reduction in TTC reduction were observed in tracheas after exposure to membranes, the cytotoxic response directly or indirectly involves cellular metabolism. Whether or not this reflects the result of membrane-associated mycoplasma enzymes, e.g., adenosine triphosphatase (24) or proteases (30), remains to be determined.
In view of the fact that trachea organ cultures are experiencing increasing application in the fields of bacterial (2, 3, 10) and viral (25) pathogens, as well as in clinical diagnosis (cystic fibrosis, [8] ), cellular interactions (synergism [31] and antagonism [27] ), and environmental toxicology (tobacco tar [11] ), an objective technique to assess viability of trachea tissue would seem quite valuable. The data presented here provide some insight into the metabolic consequences of M. pneumoniae infections and provide improved methodology for general application to trachea, and perhaps other (e.g., fallopian tube [29] or aorta [2] ) otgan cultures.
